Crush syndrome is the systemic manifestation of muscle injury due to prolonged limb compression. Although crush syndrome is typically encountered in war zones, in mining disasters, and in industrial and traffic accidents 1, 2 , it may also develop after isolated compression of arms or legs by the victim's own body, for example, during unconsciousness following a drug overdose 3 . Crush syndrome is characterized by myoglobinuric acute renal failure, hyperkalaemia and sometimes sudden death 1, 2 . Myoglobin released from injured muscle is one of the major causes of acute renal failure 4 . Despite the importance of serum myoglobin estimation in evaluating the severity of muscle injury and its potential for causing renal toxicity when pathologically increased 5 , there have been few reports concerning myoglobin levels in patients with crush syndrome.
We report here an unusual case of crush syndrome caused by compression of the right arm by the trunk following syncope. We treated the patient with intravenous fluid infusion and fasciotomy, and consider that this prevented the development of acute renal failure. We also elucidated the relationship between two parameters indicating muscle damage, serum myoglobin and creatine kinase levels, during the course of treatment.
CASE HISTORY
A 41-year-old man presented at the emergency department of a regional hospital with compression of the right arm following sudden loss of consciousness. He had a history of cerebral infarction three years previously and had suffered from left hemiplegia since that episode. He remained motionless on the floor for three hours before consciousness was restored. Although he had been alert for the following five hours, he continued to be immobilized due to the left hemiplegia until his wife found him lying on his right arm. He had no history of heart or muscle disease.
On admission, he was alert and his blood pressure and heart rate were stable. He was oliguric. His right arm was markedly swollen, and pulsation in the right brachial artery was not detectable. There was no sensation or muscle power in the right arm. Admission laboratory test findings were remarkable for a white blood cell count of 12.1 x 10 9 cells/l (normal range 4-9) with 70% neutrophils, creatine kinase of 60,410 IU/l (30-200), and aspartate aminotransferase of 331 U/l (10-35). Blood urea nitrogen and creatinine concentrations were 3.1 mmol/l (2.5-8.0) and 44 µmol/l (40-150), respectively. Serum potassium was 4.0 mmol/l (3.5-5.0). On urinalysis, dark brown urine was noted, and myoglobin was detected on orthotoluidine dipstick. No abnormal findings were noted on X-ray, electrocardiogram or echocardiogram. A diagnosis of crush syndrome was made because of his swollen arm, myoglobinuria and remarkably increased creatine kinase level.
On admission to the ICU four hours later, his conscious state was normal, blood pressure was 164/100 mmHg, heart rate 102 beats/min and central venous pressure 1 mmHg. Arterial blood gas tensions were within normal range. Blood concentrations of note were myoglobin 19,000 µg/l (normal range 10-80), aspartate aminotransferase 934 U/l and creatine kinase 80,100 IU/l. The creatine kinase consisted of an isozyme of skeletal muscle origin. Potassium was 4.8 mmol/l. Computed tomography of the brain showed an infarction located within the primary motor cortex; these findings were similar to those obtained about one year previously. Continuous electrocardiographic monitoring showed no abnormalities of heart rate or rhythm. Rapid infusion of a balanced electrolyte solution and albumin, and dopamine, mannitol, acetazolamide and frusemide were administered. Urine output increased in response to this treatment to more than 50 ml/hour.
He was referred to the orthopaedic department on the day of admission. On examination, arm pulses were absent, and intramuscular pressure was remarkably increased in the right arm, to 86, 116, 112 and 104 mmHg in the biceps, triceps, brachioradialis and flexor carpi ulnaris muscles respectively. Emergency fasciotomies of all upper-and forearm compartments were performed under local anaesthesia. Microscopic examination during the procedure showed pathological changes in the affected muscles including sarcolysis of muscle cells and necrosis of blood vessels. During the procedure, he was alert, and there was no change in blood pressure, heart rate or serum electrolytes.
On the second hospital day, aggressive intravenous fluid infusion and continuous administration of frusemide were continued under continuous monitoring of blood pressure, central venous pressure and heart rate. This treatment was continued for seven days, and urine output increased to more than 100 ml/hour. Serum myoglobin and creatine kinase decreased to 9,300 µg/l and 48,000 IU/l, respectively, on the second hospital day. The concentration of myoglobin in the urine on the second hospital day was 8,900 µg/l (less than 10), and fell to 1,700 µg/l on the third hospital day. There were no increases in serum creatinine or potassium levels. Serum creatine kinase and myoglobin levels decreased in parallel over the course of treatment (Figure 1) , and a close correlation was found between creatine kinase and myoglobin levels on linear least-squares correlation analysis (r = 0.937, P <0.0001; Figure 2 ). The patient's course in the ICU was uneventful and myoglobin was not detected in the urine after the fifth hospital day. He was transferred to the original hospital two weeks after admission to our hospital.
Four weeks after the onset of crush syndrome, he was in good general health and all laboratory findings were normal, although muscle power remains diminished and sensation absent in his right arm.
DISCUSSION
In the case described, crush syndrome developed following loss of consciousness and compression of the right arm by the patient's body. Although crush syndrome following unconsciousness has been reported previously 2,3 , the unconsciousness in such cases is usually induced by drug abuse or alcohol intoxication, and there have been no reports of crush syndrome without the influence of drugs or exogenous causes such as disasters or traffic accidents. In many cases of crush syndrome following unconsciousness, a long period of time elapses before the diagnosis of crush syndrome is made, and treat- ments such as fasciotomy and haemodialysis are delayed because the patients appear to be in good condition and have no injuries on the body surface. Our patient was diagnosed with crush syndrome on admission to the regional hospital due to the presence of a swollen arm and remarkably elevated serum creatine kinase, although the cause of the transient unconsciousness was not known. In addition, the detection of myoglobinuria by orthotoluidine dipstick was helpful in making the diagnosis.
The duration of muscle compression was shorter in our case than in other cases reported previously 2,3 , which would account for the absence of acidosis and normal serum creatinine and potassium levels. On the other hand, both serum myoglobin and creatine kinase levels were higher in our patient than in patients with acute rhabdomyolysis who developed renal failure 6 , suggesting that despite the extensive muscle injury in our case, early diagnosis and treatment of crush syndrome prevented development of renal failure and life-threatening hyperkalaemia. Prevention of acute renal failure is crucially important, because the mortality rate increases in patients with crush syndrome who develop renal failure 7 .
Aggressive intravenous fluids, diuretics and, if necessary, haemodialysis have been recommended as treatment for crush syndrome 3, 7 . Alkalinization of urine is also important, because the diffuse changes induced by myoglobin in the tubular epithelial cells is considered the major cause of nephrotoxicity 4 , and these pathological changes are enhanced by acidic urine. Our patient underwent aggressive volume replacement and forced alkaline diuretic therapy with acetazolamide, resulting in restoration of urinary excretion. Continuous administration of dopamine and frusemide in combination with rapid fluid infusion was also effective in maintaining urine volume, and in maintaining serum potassium and creatinine levels within normal range without haemodialysis.
Our patient underwent urgent extensive fasciotomy in the right arm because intramuscular pressure was remarkably increased and pulsation was diminished in the ulnar artery. Some authors have opposed the use of fasciotomy, as uncontrollable infection may occur when a closed injury is converted to an open injury 8 . On the other hand, it has been postulated that fasciotomy should be performed to prevent further muscle damage, since muscle volume increases following aggressive fluid infusion 7 , and swollen muscles will increase intramuscular pressure and decrease blood flow, resulting in further necrosis of affected muscles. Our patient did not develop a postoperative wound infection. Additionally, both serum creatine kinase and myoglobin levels decreased following fasciotomy, suggesting that further muscle damage had been prevented by the procedure. Show et al also reported a patient with crush syndrome secondary to drug overdose who required fasciotomy but not haemodialysis 3 .
To our knowledge, there have been no reports describing the serial changes in serum creatine kinase and myoglobin levels during treatment of crush syndrome. We found that both myoglobin and creatine kinase rapidly decreased in our patient, who had normal renal function, and there was a significant correlation between myoglobin and creatine kinase levels in the serum, suggesting that muscle damage was greatest on the first hospital day and decreased thereafter, and that myoglobin, like creatine kinase, is a good indicator of muscle damage 9 .
The patient's general condition improved and all laboratory findings were normal four weeks after the onset of crush syndrome. However, as neurological disorders including muscular weakness and reduced sensation persist, protracted rehabilitation is required. Minimization of sequelae such as permanent neurological deficits and muscle weakness should be the goal of treatment of crush syndrome.
